We have performed the Fourier decomposition analysis of 8-and 13-year V-band light curves of a carefully selected sample of 454 fundamental-mode RR Lyrae variables (RRab type), detected in a ≃ 14 square degree area of the Small Magellanic Cloud (SMC) and listed in the Optical Gravitational Lensing Experiment, phase III, Catalogue of Variable Stars. The Fourier decomposition parameters were used to derive metal abundances and distance moduli, following the methodology described by Kapakos, Hatzidimitriou & Soszyński. The average metal abundance of the RRab stars on the new scale of Carretta et al. was found to be [F e/H] C09 = −1.69 ± 0.41 dex (std, with a standard error of 0.02 dex). A tentative metallicity gradient of −0.013 ± 0.007 dex/kpc was detected, with increasing metal abundance towards the dynamical center of the SMC, but selection effects are also discussed. The distance modulus of the SMC was re-estimated and was found to be µ = 19.13 ± 0.19 (std) in a distance scale where the distance modulus of the Large Magellanic Cloud (LMC) is µ LMC = 18.52 ± 0.06(std). The average 1σ line-of-sight depth was found to be σ int = 5.3 ± 0.4 kpc (std), while spatial variations of the depth were detected. The SMC was found to be deeper in the north-eastern region, while metal richer and metal poorer objects in the sample seem to belong to different dynamical structures. The former have smaller scale height and may constitute a thick disk, its width being 10.40 ± 0.02 kpc, and a bulge whose size (radius) is estimated to be 2.09 ± 0.81 kpc. The latter seem to belong to a halo structure with a maximum depth along the line of sight extending over 16 kpc in the SMC central region and falling to ∼ 12 kpc in the outer regions.
INTRODUCTION
This is the second paper in a series presenting photometric metal abundances of RR Lyrae variable stars in the Magellanic Clouds and their use for chemical and structural analysis. In Kapakos, Hatzidimitriou & Soszyński (2011, hereinafter Paper I) , the results of the Fourier decomposition analysis of the V-band light curves of 84 fundamentalmode and 16 first overtone pulsators in the central bar region of the Small Magellanic Cloud (SMC) were presented. The methodology was described in detail with full discussion of the method, limitations, biases and sources of error. However, the spatial extent of the sample in the cen-⋆ E-mail: efkap@phys.uoa.gr tral bar region did not allow the investigation of important issues such as a possible metallicity gradient, which has been proposed by other independent studies (e.g. Carrera et al. 2009 ). Furthermore, studies on the morphology of the SMC seem to reveal interesting features. The structure of the SMC is affected by interactions with both the LMC and our Galaxy (e.g. Hatzidimitriou & Hawkins 1989, hereinafter HH89; Bekki 2009 ). Subramanian & Subramaniam (2009, hereinafter SS09) have found its depth along the line-of-sight (LOS) to be larger than that of the LMC and a bulge-like structure near the optical center, based on red horizontal branch (red clump) stars. A larger depth in the outer region has also been suggested, probably partially connected to a tidal stream-like structure in the north-eastern outer regions (Hatzidimitriou, Cannon & Hawkins 1993) .
Although the distribution of old red stars in the SMC (i.e. giants and red clump stars with ages ≥ 1Gyr, according to Zaritsky et al. 2000) and the velocity field of red giant branch stars, which does not show much rotation (Harris & Zaritsky 2006) , suggest a spheroidal structure, HI and young stars are found to have ordered rotation and to reside in a disk (van der Marel, Kallivayalil & Besla 2009) . In Paper I, we found indications that old populations as represented by RR Lyrae stars are distributed in two dynamical structures with different average metal abundances. Thus, a study of a larger sample distributed over a larger area is needed to clarify all these issues.
We have used the RR Lyrae variables detected in the extended region of the SMC with the Optical Gravitational Lensing Experiment (OGLE), phase III (OGLE-III 1 ), combined with the data collected from phase II (OGLE-II) in the central region. Our aim is to derive metal abundances ([Fe/H] ) and distance moduli for all RR Lyrae variables of RRab type with well observed light curves in order to proceed to a chemical and structural analysis of the old populations of this galaxy, using a much larger sample of objects distributed over a more extended area of the SMC than in Paper I. We decided to exclude RRc type stars from our analysis, since discrepancies associated with the calibrating equations of their Fourier parameters versus metallicity were detected in Paper I. However, we provide the results of the Fourier decomposition for these stars as well, for completeness reasons.
In Section 2, we describe the data used and give the Fourier decomposition results. In Section 3, we derive the metal abundances of a carefully selected sample of RRab stars and discuss their distribution, as well as the positions of these objects on the Bailey diagram. In Section 4, we investigate the existence of a metalicity gradient in the area covered by our study. In Section 5, we derive the absolute magnitudes and distance moduli of the RR Lyrae stars and we proceed to a structural analysis of the SMC. Variations to its LOS depth and structure-metallicity relations are examined. In Section 6, we summarize our results.
DATA ANALYSIS AND FOURIER DECOMPOSITION

Data description
The present study is based on observations obtained with the 1.3m Warsaw telescope at the Las Campanas Observatory, Chile, during phase III of the OGLE project, between 2001 and 2009 (Soszyński et al. 2010, hereinafter Sos10) . These observations contain precisely calibrated photometric and astrometric data in the I-and V-band filters, from the extended area of the SMC, covering ≃ 14 square degrees on the sky in 41 fields of ≃ 35 ′ × 35 ′ .5 (see Udalski 2003 and Udalski et al. 2008 for reduction pipeline, techniques and observational details). Although the data are thoroughly discussed in Sos10, some issues are worth mentioning. Stars located in the overlapping regions of adjacent fields were detected twice and their photometry was compiled from all available sources. Moreover, for RR Lyrae variables in the central bar region of the SMC, which was also covered by OGLE-II observations between 1997 and 2000, the two photometry databases were merged after the appropriate inter-calibrations, i.e. by shifting the OGLE-II photometry to match the OGLE-III light curves.
Following Paper I, we opted for V-band photometry since the dependence of [Fe/H] on the Fourier parameters has been directly calibrated only for this band. It should be noted that some authors (e.g. Deb & Singh 2010, hereinafter DS10; Haschke et al. 2012 , hereinafter HGDJ) have used I-band data to derive metal abundances and physical parameters of RR Lyrae stars. As thoroughly discussed in Paper I, although the I-band light curves may produce similar average metallicities to those derived from the Vband light curves, discrepancies are revealed in metallicities of individual stars and their distributions. Furthermore, the errors of the Fourier parameters (and thus those of the corresponding metal abundances) are lower when using V-band light curves. The applicability of the calibrating equations is based on a deviation parameter introduced by Jurcsik & Kovács (1996, hereinafter JK96; see Section 3) . When the corresponding criterion is applied directly in V-band light curves, the selection effects are minimized.
There are 2475 RR Lyrae variables in the SMC, listed in the ninth part of the OGLE-III Catalogue of Variable Stars (OIII-CVS). The classification of the RR Lyraes as fundamental-mode pulsators (RRab), first overtone pulsators (RRc), double-mode pulsators (RRd) or second overtone pulsators (RRe), is described in Sos10. We have only retained RRab and RRc stars with V-band light curves, thus limiting our sample to 2092 stars, 1922 of them being of RRab type and 170 of RRc type. Among these stars, 23 objects (22 RRab and 1 RRc star) are Galactic foreground RR Lyrae variables and thus were excluded from further discussion. Another 13 RRab stars were discarded from the final data set, 12 having poorly populated time series (with less than 4m points, were m is the order of the fit) and 1 having high σ f it (see next subsection). The final sample consisted of 1887 RRab stars and 169 RRc stars, listed in Tables 1 and  2 , respectively, along with properties of their light curves which are described later in this Section.
We have adopted the periods provided in OIII-CVS. The RRab and RRc variables in our sample have average periods of 0.60 ± 0.06 days (std) and 0.37 ± 0.03 days (std), respectively, the latter being expectedly shorter than the former. The individual periods and corresponding errors are listed in Column (2) of Tables 1 & 2 for the RRab and RRc types respectively. It should be noted that these periods have been re-derived in the OGLE-III release and thus they are slightly different from the values used in Paper I for stars appearing both in OGLE-II and OGLE-III.
Fourier Decomposition
The light curves of the 2056 RR Lyrae variables of RRab and RRc type in our final sample were fitted with fourth-order Fourier series of sine functions (equation 1 of Paper I or A1 Notes. The numbers in parentheses are standard deviations multiplied by 10 6 for the period, 10 3 for A j , A V , 1 for Dm and 10 2 for the rest. The complete table is available in electronic form (see Supporting Information) and includes the original number of points N 0 in each light curve, all A j (where j=0,1,2,3,4), R j1 and ϕ j1 (where j=2,3,4). Notes. The numbers in parentheses are standard deviations multiplied by 10 6 for the period, 10 3 for A j , A V and 10 2 for the rest. The complete table is available in electronic form (see Supporting Information) and includes the original number of points N 0 in each light curve, all A j (where j=0,1,2,3,4), R j1 and ϕ j1 (where j=2,3,4).
in the Appendix 2 ), following the technique adopted in Paper I, where there is a detailed discussion of the mathematical formula, the choice of the order of the fit and the criterion for excluding certain points from the light curves (which showed large deviations from the bulk of the data). All amplitudes Aj and phases ϕj (where j = 1, 2, 3, 4), as well as the ratios Rj1 = Aj/A1 and coefficients ϕj1 = ϕj − jϕ1 (where j = 2, 3, 4) were derived, while their standard deviations were estimated using Monte Carlo simulations and appropriate error propagation relations, as in Paper I.
The results of the Fourier decomposition are presented in Tables 1 and 2 (the complete versions being available in electronic form) for RRab and RRc stars, respectively. In these Tables we also provide the number of points used for the fitting (N), the sigma of the fit for each light curve (σ f it ) and the amplitude in V (AV ). The corresponding standard deviations of the various Fourier parameters are given in parentheses following each value. At the bottom of each table we give the average values of the relevant parameters for the entire sample with the associated standard deviations. and also in Paper I). Thus, we have derived Dm and its standard deviation, σD m , for all 1887 RRab stars in our sample. These values are presented in the last Column of Table 1 . Following the selection process described in Paper I, we ended up with a total of 454 RRab stars that satisfy the compatibility criterion with Dm = 3.45 ± 1.01 (std) and σD m = 1.88 ± 0.54 (std). The importance of applying the Dm criterion in order to derive reliable metal abundances is thoroughly discussed in Paper I for interested readers. Table 4 (Columns 2 and 3), along with their standard deviations (given in parentheses) derived from equations (4) and (5) of Paper I (i.e. A4 and A5, respectively), while statistics of the derived metallicities are presented in the first two lines of Table 5 . Equation (2) of Paper I (i.e. A2, JK96 calibration) is derived from RRab stars with metal abundances ([Fe/H]) from −2.1 to +0.27 dex, while 37 stars in our sample have metallicities below this range (-2.69 dex being the metallicity of the most metal poor star on the JK96 scale). Of these, 19 are still outliers even taking into account their 1σ error. Thus, the lowest reliable value in Table 4 on the JK96 scale is [F e/H] J K96 = −2.25 dex (see Table 5 ). As already mentioned in Paper I, linear extrapolation of the empirical calibrating equations may lead to erroneous results, particularly since the metal poor tail of the JK96 calibrating stars is only populated by 3 objects. Our averages are bound to be affected by this problem but not significantly due to the relatively small number of outliers and their spatial distribution in a large region which doesn't affect the statistics in smaller ones. The resulting metal abundances were transformed to [F e/H]C09 in the C09 scale, using equation 3 of Paper I (i.e. A3), which is valid for [F e/H]JK96 between -2.31 and -0.68 dex. Of 435 RRab stars that lie within the validity range of equation (2) of Paper I (A2), 10 are out of the validity range of equation (3) of Paper I (A3), among them 5 being still outliers after taking into account their 1σ error. Thus, of our sample of 454 RRab stars, 430 have reliable metallicities on both JK96 and C09 scales. The lowest and highest reliable values on the C09 scale are [F e/H] C09 = −2.36 dex and [F e/H] C09 = −0.69 dex, respectively (see Table 5 ). Despite the uncertainties of the metallicities of the remaining 24 objects, we decided to keep them in our final sample, since they are not expected to affect our results due to their small number (≃ 5% of the total).
Distribution of metal abundances
The distributions of the metal abundances of the RRab stars on the C09 and JK96 scales are shown in Fig. 1 (with light-grey and dashed bars, respectively), The corresponding averages (listed in Table 5) The extended region of the SMC seems to include more metal poor objects. This can be seen in Table 6 , where a comparison between RRab populations of different metal abundances in the central bar region (Paper I) and the extended area (Paper II) of the SMC is shown to evaluate the difference between the two distributions. Two extreme subsamples are used, i.e. stars with [F e/H]C09 ≤ −2.0 (metal poor stars) and those with [F e/H]C09 ≥ −1.4 (metal rich stars). The percentage of metal poor stars in the samples of Paper I and the present work is 19% and 24%, respectively, while 0.62 ± 0.20 and 1.08 ± 0.15 are the corresponding ratios of the number of these stars to the number of the metal rich ones. However, this issue will be further discussed in Section 4. It should be noted that a Kolmogorov-Smirnov (K-S) test showed that the distributions of [F e/H]C09 in Fig. 1 (light and dark grey bars) are identical while a χ 2 test indicates that this hypothesis is true at a low level of significance (i.e. 0.1).
Comparison with other studies
Very recently, HGDJ have reported an average metallicity of −1.42 dex from RRab stars that were detected from OGLE-III in the SMC, which should be compared with our average value of −1.58 ± 0.02 dex (standard error) on the JK96 scale. Inspection of the corresponding distributions (fig. 6 of HGDJ and the dashed bars in our Fig. 1 ) indicates that the high-metallicity bins in the HGDJ distribution are more populated than the low-metallicity bins compared to ours. A comparison between the metal abundances (on the JK96 scale) of 453 individual RRab stars which are common in HGDJ's and our final sample is shown in the upper panel of Fig. 2 , where a 1:1 line is also plotted. Systematic offsets are evident since HGDJ's metallicities are increasingly higher than ours for metal poorer stars while the opposite trend (although weakened) appears for the metal rich ones, the average absolute difference (< |∆[F e/H]JK96| >) being 0.27 ± 0.21 dex (std). Furthermore, the average < . It should be noted that HGDJ used I-band light curves of 1831 variables with presumably reliable metallicities and the calibration equation of Smolec (2005) , which is similar to the JK96 one but is applied on I-band Fourier decomposition parameters. However, this calibration equation is based on a very small sample of 28 field RRab stars and it is not accompanied by any compatibility condition, while the JK96 calibration is based on a larger sample of 84 carefully selected RRab stars along with a strict criterion on the quality of the light curves. HGDJ repeated their analysis following the method of DS10 and found similar results to their first method, although the corresponding average metallicity was slightly lower, i.e. −1.53 dex. As expected, the systematic trends shown in the upper panels of Fig. 2 (comparison between HGDJ's and the present work) and fig. 6 of Paper I (comparison between DS10's and our method) are identical. As thoroughly discussed in Paper I, a comparison between metallicities derived from V-and I-band light curves reveals systematic differences, mainly in the individual values and their distributions, with at least part of the discrepancies stemming from the lack of a compatibility test for the light curves used. Comparison between the metal abundances (on the JK96 scale) of 453 RRab stars in the SMC which were derived using the HGDJ's approach and the present one, i.e. based on Fourier decomposition of I-and V-band light curves, respectively (a 1:1 line is also plotted). Lower panel: Difference between the two estimates of the metal abundance for each RRab star as a function of the metallicities derived in the present work (a linear fitting is also plotted).
The Bailey diagram
The theoretical models and the expected behavior of the RR Lyrae stars on the Bailey diagram (as well as its usage, e.g. Soszyński et al. 2003) are thoroughly discussed in Paper I. The upper panel of Fig. 3 shows the loci of the fundamental-mode RR Lyrae variables (grey circles) in our sample on the Bailey diagram, while in the lower panel we have overplotted the distribution on the Bailey diagram of two extreme subsets, i.e. RRab stars with metal abundances greater than -1.40 dex (light grey circles) and those with metal abundances less than -2.00 dex on the C09 scale (dark grey circles), in order to facilitate the comparison. In both diagrams the positions of the first overtone RR Lyrae variables (grey squares) are shown for completeness reasons. Furthermore, we have overlayed the standard ridge lines for RRab stars in the Galactic globular cluster M3 (prototype OoI) and ω Centauri (OoII) from Clement & Rowe (2000) with solid lines, while the dashed lines denote the loci of of the bona fide regular (OoI) and evolved (falling closer to OoII line) RRab stars in M3 from Cacciari, Corwin & Carney (2005) . In both cases, OoI and OoII (Oosterhoff 1939) are denoted by the left and the right curves, respectively. Our basic results from the RR Lyrae stars of the central region of the SMC in Paper I are confirmed from the present larger sample. The metal rich RRab stars of our sample seem to lie closer to the OoI curves (M3 non-evolved sequence in the interpretation of Cacciari, Corwin & Carney), while the more metal poor objects extend slightly towards the evolved sequence (OoII curves). Yet, a large number of the latter is located close to the OoI curve. The bulk of the RR Lyrae variables with intermediate metallicities are located in the region between the two Oosterhoff curves, possibly constituting an Oo-intermediate population. Thus, the location of a particular RRab variable on the Bailey diagram seems to be affected both by metal abundance and evolution off the ZAHB.
METALLICITY GRADIENT
In the central bar region of the SMC a metallicity gradient was neither expected nor observable (see section 4.5 of Paper I). In the present study, the area covered by OGLE-III is extended to a radius of ≃ 4
• on average (approximately 14 square degrees). The distributions of metallicities of the RRab stars in the central region of the SMC ( fig. 4 of Paper I and dark grey bars of Fig. 1 in the present work) and the extended area (light grey bars of Fig. 1 ), imply the possible existence of a metallicity gradient, since there is a higher percentage of metal poor objects in the extended sample. In order to examine the genuineness of such an effect, we derived the average metal abundances in four regions, defined by ellipses based on the isopleths of Gonidakis et al. (2009, hereinafter G09) and centered on the SMC dynamical center (DC). A central region, an inner ring, an outer ring and the outer region are shown in the upper panel of Fig. 4 , overlayed on the map of the 454 RRab stars. The distributions of the metal abundances in the four regions are shown in the lower panels of Fig. 4 . The corresponding average metallicities on the C09 scale ( [F e/H]C09 ) with increasing angular distance from the SMC DC are −1.60±0.42 dex, −1.65±0.44 dex, −1.71 ± 0.40 dex and −1.76 ± 0.39 dex, the errors being standard deviations (the corresponding standard errors being ±0.04, ±0.05, ±0.04 and ±0.03). Although these average values are identical within their standard deviations (which is not the case for the standard errors), a small but systematic decrease of the average metal abundance is detected with increasing distance from the SMC DC. Furthermore, inspection of the distributions of the metallicities in the four regions (lower panels of Fig. 4 ) reveals an increasing relative surplus of high metallicity objects towards the inner regions. This can be also seen in Table 7 , where a comparison between two extreme subsets of RRab stars in each area is presented. We have examined two extreme populations of stars with [F e/H]C09 ≤ −2.0 dex (metal poor) and [F e/H]C09 ≥ −1.4 dex (metal rich) as well as their number ratio. The percentage of the metal poor stars increases with angular distance from the SMC dynamical center while the opposite occurs for the metal rich stars. Their ratio Npoor/N rich also shows a similar increase. Furthermore, a χ 2 test indicates that the hypothesis of all samples of nonadjacent regions sharing the same origin is true only below very low levels of significance (0.1 − 0.5). A K-S test for the two extreme regions (inner and outer region) indicates that this hypothesis is true on a 0.05 level of significance.
On the other hand, it should be noted that the RRab population in the inner regions contains low metallicity (as well as some high metallicity) stars whose actual (deprojected) distance from the SMC DC is greater than the corresponding projected distance which was used in the analysis above. These stars lie behind or in front of the SMC central region and their exclusion from the sample of RRab stars in the inner regions would lead to slightly higher average metallicities, leading thus to a stronger evidence of a metallicity gradient existing in the SMC. For example, the innermost region contains 97 RRab stars with an average distance of 68 ± 7 kpc (std) from us, the larger and shorter distance being 87 kpc and 52 kpc, respectively. Applying a cutoff and keeping stars with a distance diverging less than ±1.5σ from the average one would lead to a sample of 83 stars with an average metallicity of −1.57±0.40 dex (std) on the C09 scale. A ±1σ cutoff would lead to a similar metallicity of −1.57 ± 0.41 dex (std) on the C09 scale for 72 stars. Both results are slightly higher than the value of −1.60±0.42 dex that was found earlier.
Thus, another approach was followed using the real (deprojected) distances (dDC) of the RRab stars from the SMC DC. For this purpose, we used their distances (d) from us (as they were derived with the method described in Section 5), their angular distances (ω) from the SMC DC (using the coordinates RA and Dec of each star and those of the DC, i.e. (α, δ) and (αo = 0 h 51 min , δo = −73
• 7 ′ ), respectively) and adopting the average distance of the SMC (D = 67.31 ± 5.82 kpc, being the average of the individual distances of the RRab stars from us, see Section 5.3) as the distance of the DC. The corresponding equations are described below.
where cos ω = sin δ sin δo + cos δ cos δo cos (α − αo)
The average metallicities ( [F e/H]C09 on the C09 scale) were derived for 10 groups of stars with increasing average distance from the SMC DC ( dDC ), from 0 to 20 kpc, the step (binning) being 2 kpc. This is shown in the upper panel of Fig where r = 0.623 is the correlation coefficient and σ = 0.210 the corresponding standard deviation.
Discussion of errors and biases
As already discussed in Paper I, selection effects may be at play; photometric crowding would make larger amplitude (hence more metal rich) RR Lyrae stars (see Bailey diagram in Fig. 3 ) easier to detect and with higher quality light curves (hence smaller σD m and Dm) in the inner region than lower metallicity RR Lyrae stars in the same area. A detailed study of the line-of-sight depth variations in Section 5.5 reveals such a possible lack of metal poor RRab stars in the innermost regions of the SMC (below 1 deg), although their actual distances from the DC may be just as large. Since RRc stars are on average of lower amplitudes than the RRab stars, such a selection effect would also imply an increase of the ratio N RRab /NRRc close to the SMC center, where N RRab and NRRc are the populations of RRab and RRc stars, respectively, in the same area (Feast, Abedigamba & Whitelock 2010, hereinafter FAW10). In order to examine this possibility we derived this ratio for 7 (most populated) of the 10 regions mentioned above (provided that both populations were present in each region).
For this purpose, we used the sample of 454 RRab stars whose metal abundances and thus their distances were derived with accuracy (see Sections 3 and 5). Concerning the RRc stars, although they were excluded from further analysis in this project (see discussion in Section 1 and in Paper I), we derived their distances with the same method that we adopted for the RRab stars (see Section 5 and equations 1 and 2 above) and their metallicities following the technique described in Paper I (equations 6-10 and 12 there or A6-10 and A12 in the Appendix). These values are not suitable for accurate chemical and structural analysis of the SMC, however they could be used for the purpose of the statistical test that is described here. Of the 169 RRc stars, 74 objects were compatible with the selection criterion based on their σϕ 31 (see Paper I for details) and were used for this analysis. The results are given in the upper panel of Fig. 6 , where a decrease in the ratio N RRab /NRRc with increasing distance from the SMC DC is shown. Thus, the metallicity gradient found above is possibly affected by selection effects related to the OGLE observations (undetected metal poor RRab stars of low amplitude in the central region) and the selection criteria which led to our final sample (metal poor RRab stars of higher σD m and Dm being excluded) as well. It should be noted that the excluded metal poor RRab stars with small angular distances from the DC could be either of small radial distances from the DC, leading thus to an overestimated metallicity gradient, or of larger distances, therefore underestimating the gradient. The ratio N RRab /NRRc is also affected by these effects; undetected and excluded (high σϕ 31 ) RRc stars would imply its increase in the inner regions whereas undetected and excluded metal poor RRab stars close to the DC would lead to its decrease. We derived a similar ratio from the total sample of 1887 RRab and 169 RRc stars that were detected from OGLE-III. However, since the actual distances from the SMC DC could not be derived for all these stars with accuracy, we used their angular distances, although the groups with small angular distances also include stars with high actual distances. The corresponding diagram is shown in the lower panel of Fig.  6 . The slope of a linear fitting is −0.81 ± 0.60 (where the open circles corresponding to poorly populated groups were excluded), i.e. zero within its 1.3σ error. For a further examination of possible biases originating from our sample, we investigated whether the metallicity gradient would be detectable either by adopting a different binning or by excluding certain points from the fitting procedure, as it shown in Table 8 . Thus, we changed the binning from 2.0 kpc (10 groups of stars) to 1.5 kpc and 2.5 kpc, leading to 14 and 8 groups of stars, respectively. In all cases, the number of stars (N) of each group is listed in Table 8 , while the last groups in each case (marked with an asterisk in Table 8 ) were excluded from the analysis due 5 ) as a function of their average distance from the SMC dynamical center (applied for groups were both populations were present), based on the sample of the 454 RRab and 74 RRc stars which are compatible with the criteria based on Dm and σϕ 31 parameters, respectively. Lower panel: Same ratio (N RRab /N RRc ) for groups of stars with increasing angular distance from the SMC dynamical center, based on all 1887 RRab and 169 RRc stars which were detected from OGLE-III.
to very low statistics. We performed linear fittings using all the remaining statistically reliable groups or by excluding the first or/and the last of them in each case. Those included in each fitting and the corresponding slope, as well, are listed in the last two columns of Table 8 . Several conclusions may be derived from these tests. To start with, the metallicity gradient is independent of the adopted binning. Furthermore, it seems to be partially based on the last group in each case, i.e. the 10 th , 8 th and 6 th for binning of 1.5, 2.0 and 2.5 kpc, respectively. On the contrary, the inclusion of the first group isn't crucial. However, any undetected metal poor stars in the innermost regions of the SMC could weaken the gradient. Unfortunately, the number of possible missing stars could not be securely evaluated (i.e. without the danger of including non-existing objects). At any rate, exclusion of certain groups (i.e. also the first or/and the last of the reliable ones in each case) would also suffer from biases and selection effects towards the opposite direction, i.e. the "washing out" of the gradient.
As a final test, relaxing the Dm criterion, i.e. by selecting stars with σD m ≤ 4 and Dm − σD m ≤ 4, would led us to a larger sample of 714 objects, although their metal abundances and distances, as well, would be beyond the limits of reliability (< Dm >= 4.08 ± 1.31, D max m = 7.46 ± 3.91, < σD m >= 2.07 ± 0.73, the errors being std). In this case (e.g. by adopting a binning of 2.0 kpc), the metallicity gradient would be hardly distinguishable, i.e. −0.006 ± 0.005 dex/kpc, its significance though being strongly questionable.
Comparison with other investigations in the SMC
HGDJ investigated the existence of a metallicity gradient in the SCM using RRab stars, whose I-band light curves were decomposed using Fourier analysis independently of their quality, and they reported an estimate of 0.00 ± 0.06 dex/kpc. Their study was based on projected distances of these stars from the SMC center. In order to have comparable results, we used their metal abundances along with our de-projected distances from the SMC DC for 453 common RRab stars and performed a linear fitting on the averages of the 8 groups of stars which were described earlier and were shown in Fig. 5 (adopted binning: 2.0 kpc). The resulting slope was −0.006 ± 0.005 dex/kpc. For consistency reasons, we redefined the de-projected distances of these stars using HGDJ's metallicities and our method described in the present work. New groups of stars were selected with the same binning of 2.0 kpc. The slope of the corresponding linear fitting was reversed but remained almost zero within its error, i.e. +0.006 ± 0.005 dex/kpc. As already discussed in Section 3.2, HGDJ's metal abundances show systematic discrepancies, when compared to ours, i.e. they are increasingly higher than ours for metal poorer stars and slightly lower for metal richer ones. Such offsets would tend to eliminate any metallicity gradient. Thus, the estimates mentioned earlier from HGDJ's metallicities are expected to imply a hardly detectable or undetectable gradient.
Comparison with the LMC
Interestingly, FAW10 have found similar results to ours for the LMC RR Lyrae variables. These authors used spectroscopic values for metallicities along with period -[Fe/H] relations and suggest the existence of a radial metallicity gradient in this galaxy, detected from the RRab population, for distances up to 6 kpc from the center. The metallicity gradients in both Magellanic Clouds would be consistent with the theory of galactic evolution by the gradual collapse of a gas cloud. It should be noted though that FAW10 interpret their metallicity gradient as a result of a log P gradient, noting that the latter could also be explained in terms other than metallicity, together with an age gradient and a nearly constant mean metallicity. Since our metallicites are based on a [F e/H] = f (P, ϕ31) relation, we derived the average log P , P and ϕ31 for our ten groups of stars (described above) with increasing average distance from the SMC DC, as it is shown in the lower panels of Fig. 5 . The corresponding linear fittings are expressed through the equations below: log P = (0.001 ± 0.001) dDC − (0.238 ± 0.007) (4) 
their standard deviations being 0.232, 0.237 and 0.222, respectively. Obviously, the log P and P are almost constant (the corresponding slopes being very small and zero within their 1σ error) on the average log P and P of all our 454 RRab stars which are −0.235 ± 0.045 (std) and −0.585±0.059 days (std), respectively, over against the LMC result mentioned above, since the LMC metallicity gradient is considered by FAW10 to be based on a log P gradient.
On the contrary, ϕ31 shows a clear decrease with increasing distance from the SMC DC. A combination of the above relations with equations (2) and (3) of Paper I (A2 and A3) shows that the coefficients for the contribution terms of dDC from P and ϕ31 are 0.005 and 0.011, respectively, the latter being more than two times larger ( [F e/H]C09 ∼ −0.005 dDC f rom P − 0.011 dDC f rom ϕ 31 ). Thus, the metallicity gradient that was detected in our sample in the SMC seems to originate in a ϕ31 gradient rather than in a P (or log P ) gradient.
Conclusions
A metallicity gradient of RR Lyrae stars is most likely bound to be correlated with radial gradients of their properties, such as log P , ϕ31, and/or their combinations. Despite the evidence of its existence, its detection is probably affected by selection effects that could either constitute its true origin or downgrade its substance, depending on the metal abundances and the actual distances from the SMC DC of non-included objects (undetected or excluded). A stronger confirmation could be provided by spectroscopically derived metal abundances of the large sample of RRab stars detected by OGLE-III in the SMC. Furthermore, according to Subramanian & Subramaniam (2012, hereinafter SS12) , who investigated the three-dimensional structure of the SMC using RR Lyrae and red clump stars, our present view of the SMC is like viewing only the central part of a sphere along the line-of-sight. This perspective, combined with the indication that the metal poor RRab stars have a larger scale height than the metal rich ones, as it was found in Paper I and thoroughly examined in Section 5.5 of the present work, implies that a robust examination of any metallicity gradient should await the spatially extended OGLE-IV survey, as well.
STRUCTURAL ANALYSIS OF THE SMC
After a careful selection of our final sample of fundamentalmode RR Lyrae variables and the derivation of their metal abundances, we attempted a detailed structural analysis of the SMC. For this purpose, we derived their distance moduli, after determining their absolute magnitudes and applying corrections for interstellar extinction.
Absolute magnitudes of the RRab stars
We derived the absolute magnitudes (MV ) of the 454 RRab stars of our sample (which will be subsequently used for the estimation of the line-of-sight distances of these objects), using the method which was described in detail in Paper I (equations 10 and 11 there, i.e. A10 and A11, respectively). Equation (11) of Paper I, which was used for the transformation of the derived metallicities from the JK96 scale to the Harris (1996) scale (for determining MV ), is valid for metal abundances between -2.31 and -0.68 dex on the JK96 scale. Of our 454 stars, 21 have [F e/H]JK96 outside this range, although only 8 are still outliers after taking into account their 1σ error and are not expected to affect our results.
The resulting absolute magnitudes for the individual objects are listed in Table 4 (Column 4), while in the last three lines of Table 5 we give some basic statistics for the absolute magnitudes, distance moduli and distances. The average value of the absolute magnitude for the 454 RRab stars is MV = 0.49 ± 0.09 mag (std), the minimum and maximum values being 0.26 and 0.78 mag, respectively.
Reddening of the SMC
A correction for the interstellar extinction (AV ) is needed in order to derive the distance moduli of the RRab stars (equation 13 of Paper I, i.e. A13). The reddening values of Udalski et al. (1999, hereinafter U99 ), which were used in Paper I, have a spatial coverage limited to the central bar region of the SMC. The optical reddening map of Haschke, Grebel & Duffau (2011, hereinafter HGD) is the most recent and suitable for our data as far as spatial coverage is concerned. These authors used the average colour of Red Clump (RC) stars on the colour-magnitude diagram to derive reddening values in (V − I), i.e. E(V − I), by adopting an average theoretical colour (V − I)0 for the RC stars. The correction for the extinction (AV ) was derived using the equations E(B −V ) = E(V −I)/1.38 and AV = 3.32E(B −V ) of Tammann, Sandage & Reindl (2003) and Schlegel, Finkbeiner & Davis (1998) , respectively. A statistical error for the reddening of the individual stars was defined using the average E(V − I) of fields of the HGD map within 10 arcmin from the position of the RR Lyrae stars.
The average E(V − I) for our sample was 0.041 ± 0.013 (std) with the minimum and maximum values being 0.013 and 0.086, respectively. These values correspond to an average E(B − V ) of 0.030 ± 0.009 (std) ranging from 0.010 to 0.062. Thus, the applied correction due to the interstellar extinction (AV ) was on average 0.099 ± 0.031 mag (std) and within the range from 0.032 to 0.207 mag. According to the reddening map of U99 for the central bar region of the SMC, the average E(B − V ) of the 11 fields of OGLE-II was 0.087 ± 0.011 (std), ranging between 0.070 and 0.101, the latter value being larger by 0.039 than the corresponding one which has been statistically derived from the HGD map for the central bar (and the wing as well) of the SMC (i.e. 0.072). It has been found, however, that the U99 reddening for the LMC is overestimated by 0.028 mag (Clementini et al. 2003 , hereinafter C03; see also a brief discussion in subsection 6.1 of Paper I). Assuming that this is also the case for the SMC, the maximum values in E(B − V ) of U99 and HGD for the central regions of the SMC would be in good agreement.
It should be noted that a second source of error is present in the HGD reddening values, apart from the statistical one mentioned above, originating from the assumptions on which the determination of reddening is based, although it can only be qualitatively described. HGD adopted an average value of 0.89 mag for the theoretical mean colour (V − I)0 of RC stars, using the mean clump properties given by Girardi & Salaris (2001, hereinafter GS01) and assuming an average metallicity of z ∼ 0.0025 ([F e/H] ∼ −0.9 dex) for the SMC. However, such a simplified model introduces systematic errors, since the colour (V − I)0 depends on the average age of the stellar populations and metallicity (GS01). The ages of the stellar populations of the SMC range from ∼ 0 to ∼ 12 Gyrs. Furthermore, an age gradient with decreasing average age towards the SMC center has been detected, e.g. by Gardiner & Hatzidimitriou (1992) . According to these authors, the average age ranges from 0.5 to 6.5 Gyrs close to the center and from 7.5 to 12.5 beyond 2.3 kpc. According to Da Costa and Hatzidimitriou (1998) or, more recently, according to Kayser et al. (2009) , there is an age-metallicity relation (AMR) for the SMC showing a decreasing average metal abundance with increasing average age. By combining the age gradient and the AMR (e.g. from Kayser et al.) , the average metallicities ([F e/H]) would range from -0.65 to -0.95 dex (the z ranging from 0.0045 to 0.0022) close to the center and from -1.05 to -1.55 (the z ranging from 0.0018 to 0.00056) at larger distances. Using the GS01 tables, these metallicity values would roughly result in an average (V − I)0 ranging from 0.86 ± 0.07 mag (std) in the central region to 0.78 ± 0.03 mag (std) beyond 2.3 kpc from the SMC center. Thus, the reddening of the SMC is probably underestimated by 0.02 ± 0.05 mag and 0.08 ± 0.02 mag (in E(B − V )) for its inner and outer regions, respectively, which, in turn, would imply systematic errors of 0.07 ± 0.17 and 0.27 ± 0.07, respectively, for the distance moduli of the SMC RR Lyrae stars. This rough calculation is only meant as an order of magnitude estimate of the (maximum) systematic error that can be introduced in our results due to the specific method used for the derivation of the reddenings by HGD.
Distance moduli of the RRab stars
The individual distance moduli of the 454 RR Lyrae variables in our sample were derived using equation (13) Table 4 (Column 6), while a histogram of the derived distance moduli is shown in Fig. 7 . The average distance modulus for the SMC RR Lyraes (given in Table 5 ) is found to be 19.13 ± 0.19 (std), under the assumption that the distance modulus of the LMC is 18.52 ± 0.06 (see Paper I for a full discussion 3 ). The average of the errors (std) of the individual distance moduli, σµ, is 0.08 ± 0.02 practically independent of the angular distance from the SMC DC. The systematic error due to the reddening uncertainties, which was described in Section 5.2, seems to be within the σµ of the majority of the stars which are lying within 2.3 deg from SMC DC (431 stars, i.e. ∼ 95%, of the RRab stars of our sample), although it can be expected to affect the distance moduli of the few objects located in the outer regions of the SMC.
In Paper I we found the average distance modulus of the SMC to be 18.90 ± 0.18 based on the RRab population of the central bar region and the U99 reddening maps. However (as also discussed in Paper I) the U99 reddenings seem to be systematically overestimated according to C03. Taking this into account renders the U99 reddening values compatible with the HGD ones and brings the average distance modulus of the Paper I RR Lyraes to 18.99 ± 0.18, in agreement with the present value (within the error). The distance modulus of a RR Lyrae star (derived with our method) depends on its mean apparent magnitude A0 (i.e. the mV ), its metal abundance and the reddening. Our present sample contains RRab stars which are more metal poor by ∼ 0.07 dex on average than the Paper I sample. This would cause a small increase of the average distance modulus by ∼ 0.02 mag. On the other hand, the average mV (i.e. the average A0) is identical in both samples. Thus, the differences in the reddening values adopted in the Papers I and II seem to be the cause of the systematic difference in the distance moduli; the average value adopted here (based on the HGD map) is lower by ∼ 0.09 in E(B −V ) than the corresponding average 3 Very recently, Storm et al. (2011) have found the LMC distance modulus to be 18.45 ± 0.04 using a sample of LMC Cepheids, while Ripepi et al. (2012) have reported an identical value of 18.46 ± 0.03 based on the Ks-band period -luminosity relations of the LMC Classical Cepheids. These estimates do not affect the average value which is adopted for the LMC distance modulus and is derived from other independent determinations listed in Paper I. in the central bar from the U99 map, resulting in an increase in the average distance modulus by 0.23 mag.
Other recent independent determinations of the distance modulus of the SMC are listed in Paper I (Szewczyk et al. 2009; DS10; Kovács 2000; Harries, Hilditch & Howarth 2003; Hilditch, Howarth & Harries 2005; Crowl et al. 2001) and have an average of 18.91±0.11 (std). North et al. (2010) have revised their previous estimate of 19.05 ± 0.04 (North, Gauderon & Royer 2009 ) to a value identical to ours, i.e. 19.11 ± 0.03. Our estimate corresponds to a 0.61 mag difference between the SMC and LMC distance moduli, while the generally accepted range for the distance modulus difference lies between ∼ 0.33 − 0.51 mag (Matsunaga, Feast & Soszyński 2011) . Correcting for the systematic error in the reddening described in Section 5.2 would roughly lead to a reduction of the SMC distance modulus by at least ∼ 0.08 mag, bringing the difference from the LMC distance modulus to less than 0.53 mag.
The distance moduli of the RRab stars were used to derive their distances from us and, consequently, the average distance of the SMC, which was found to be 67±6 kpc (std). These values are listed in Tables 4 and 5, respectively.
The line-of-sight depth of the SMC and its variations
The line-of-sight (LOS) depth of the SMC has been the subject of numerous investigations. The current sample of fundamental-mode RR Lyrae stars is spatially distributed over a large area, contrary to the corresponding sample of Paper I which was restricted to the innermost regions of the SMC, being thus suitable to investigate the depth of the SMC and possible variations. Following Paper I but improving the method described therein, i.e. by taking into account the uncertainties due to extinction, we used the standard deviation of the average of the distances (derived from the distance moduli) of the individual RRab stars, σ obs , where σ
ext . The second additive term σerr is the average value of the standard deviations of the individual distances (given in the last column of Table 4 ), while σext is the average value of the standard deviations of the individual corrections for the extinction (AV ). Thus, σint is taken to be "intrinsic", that is, due to the LOS depth of the sample and given by σint = σ 2 obs − σ 2 err − σ 2 ext , which yields a ±1σ LOS depth of σint = 5.3 ± 0.4 kpc (std). Other independent determinations are listed in Paper I.
Our current analysis provides an independent confirmation of a 1σ LOS depth of ≃ 5 kpc, apparently shared by old and intermediate-age populations in the SMC. It would be more interesting, though, to investigate possible spatial variations of the SMC LOS depth, as it was done by SS09 who used a large sample of RC stars. The extended size of the sample of RRab stars and the larger spatial coverage across the face of the SMC, contrary to the dataset of Paper I, allows us to proceed to such a structural analysis and examination of the LOS depth variability.
The SMC has been proposed to be deeper in the NE region by HH89 and Gardiner & Hawkins (1991) , although they referred to a region beyond the spatial limits of the OGLE-III survey. To investigate this possibility in the area covered by OGLE-III, we examined three different samples of RRab stars, lying in three regions (north-eastern, NE; central; south-western, SW) as shown in Fig. 4 . The 1σ LOS depth in the NE region was found to be 5.36 ± 0.21 kpc, while the corresponding value for the SW region was found to be 4.32 ± 0.19 kpc. Interestingly, the LOS depth in the central region was found to be 5.65 ± 0.45 kpc, suggesting thus the existence of a thicker structure. We also examined possible radial variations of the LOS depth using the four regions mentioned in Section 4 and shown in Fig. 4 . The values corresponding to the central region, the inner ring, the outer ring and the outer region were found to be 6.38 ± 0.60 kpc, 5.55 ± 0.12 kpc, 5.23 ± 0.14 kpc and 4.46 ± 0.24 kpc (Table 7) , showing a clear decrease with increasing angular distance from the SMC DC. Recently, SS12 presented similar results using RC stars. They found an average 1σ LOS depth of 4.57 ± 1.03 kpc for the SMC, a prominent feature of larger depth in the central region and an increased depth towards the NE region. The existence of a possible central substructure, as also suggested by SS09, and the distribution of populations of different metal abundances are examined in the next subsection.
Metallicity and structure
Given the size of our sample of RRab stars, we can combine LOS distances and metal abundances, which allows us to investigate the possible presence of different structures consisting of different populations in the SMC, following the discussion in Paper I. We divided the sample of 454 RRab stars into 7 subsamples with increasing average metal abundance. The first group consisted of stars with [F e/H]C09 < −2.25 dex, the next five were limited by metallicities from -2.25 to -1.00 dex with a step of 0.25 dex (on the C09 scale), while the last group included all stars with [F e/H]C09 > −1.00 dex. The 1σ LOS depths of these groups are plotted against the corresponding average metallicities in Fig. 8 . This figure is suggestive of different structures corresponding to different metal abundances on average. The LOS depths of the two extreme populations (metal poor and metal rich stars) in the four elliptical regions mentioned in Section 4 and listed in Table 7 corroborate this result; the metal rich stars show small variations of their LOS depth around ∼ 5 kpc with a small increase in the inner region while the metal poor stars have a larger increase in LOS depth towards the SMC center. In order to further investigate this suggested trend, we used 25 elliptical regions, based on the isopleths of G09 and centered on the SMC DC, with increasing major axis length, starting from 0.7 to 3.0 deg with a step of 0.1, while the 25 th region was extended beyond 3.0 deg. The 1σ LOS depths for these areas were derived for all stars within the same area and also for the corresponding extreme subsamples of metal poor ([F e/H]C09 < −2.0 dex) and metal rich ([F e/H]C09 > −1.4 dex) RRab stars. Our results are illustrated in Fig. 9 with thick black, thin grey and thin black lines, respectively. Some interesting features are revealed.
(i) The metal rich objects (thin black line) seem to occupy a much narrower structure, possibly a thick disk, with an average 1σ LOS depth slightly greater than 5 kpc beyond ∼ 1.5 deg. In the innermost region (< 1.5 deg) there seems to be a much thicker structure reminiscent of a bulge with a characteristic radius which may be estimated by an exponential fitting. The corresponding mathematical formula is described below. 
where d los (kpc) is the 1σ LOS depth and a (deg) is the semi major axis of the ellipse. The width (2σ depth) of the thick disk would then be 2 × (5.20 ± 0.01) = 10.40 ± 0.02 kpc. A rough estimation of the size (radius) of a possible bulge would result (using the equation above) from the angular distance (a) where the LOS depth falls to the disk limit value (within its error), i.e. a = 1.62 ± 0.24 deg. This semi major axis length corresponds to a maximum distance of 1.78±0.26 deg from the DC, after restoring the geometry of the RA-Dec map, or 2.09±0.81 kpc, assuming a symmetrical distribution and a distance scale where the SMC is on average 67 ± 6 kpc away from us.
(ii) The metal poor objects on the other hand occupy a much thicker structure probably deeper than 16 kpc (2σ depth) near the center. This could be interpreted as a spheroidal structure such as a halo. Its depth along the line of sight varies between ∼ 16 kpc (or more) to ∼ 12 kpc with increasing distance from the SMC DC. It should be noted that the inverse slope of the metal poor line in the innermost ellipses indicates a lack of metal poor objects in these regions of the SMC (below 1 deg). This is expected since these stars have smaller amplitude light curves and greater Dm, being thus more difficult to be detected in the innermost regions of the SMC (as discussed in Section 4). (iii) An exponential fitting to the depth variation of the overall population (thick black line in Fig. 9 ) would result in a maximum 1σ LOS depth of 9.24 ± 0.34 kpc in the SMC DC, significantly larger than the nearly constant value of 5.30 kpc in the outer regions. This is consistent with the results of SS12 from RC stars. Furthermore, following SS12, we attempted to derive the axes ratios of an ellipsoid that would fit our data. We used RRab stars within spherical cells of different radii, i.e. 2.5, 3.0 and 3.5 kpc (∼ 2.1, 2.6 and 3.0 deg, respectively). The corresponding ratios were 1:1.21:1.57, 1:1.18:1.53 and 1:1.23:1.80 (the longest axis being along the line of sight and the number of stars being 118, 161 and 200, respectively). As also mentioned by SS12, who found similar results (table 5 in SS12), the estimated ratios strongly depend on the data coverage.
A robust description of the bulge and halo characteristics must await the OGLE-IV observations of the full extent of the SMC on the RA-Dec plane. In that sense, the bulge size estimated above perhaps should be considered as a lower limit. Furthermore, it would be very important to combine this type of data with kinematical information (radial velocities) of RR Lyrae stars to investigate if these structures are indeed consistent kinematically with a halo, disk and bulge components.
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APPENDIX A: MATHEMATICAL FORMALISM
The mathematical formalism, following the analysis and the techniques presented in Paper I, is summarized here with a brief description.
The light curves in the V-band of the RR Lyrae variables are fitted using Fourier series of sine functions (eq. 1 of Paper I):
where P is the period, t the the time of the observation, A0 is the mean apparent magnitude of each star, while Aj and φj are the amplitudes and phases (reduced into the normal interval [0, 2π]) for j = 1, 2, 3, 4. The metal abundances of the RRab stars in the JK96 and C09 scales are derived from the important Fourier parameter φ31 using the equations below (eq. 2 and 3 of Paper I): The metal abundances of the RRc stars in the CG and C09 scales are derived from the important Fourier parameter φ31 using the equations below (eq. 6 and 7 of Paper I):
[F e/H]CG = 0.0348ϕ The distance moduli of the RR Lyrae are derived from their absolute and apparent magnitudes (MV and mV , i.e. A0, respectively), by taking into account the correction for the interstellar extinction, as well (eq. 13 of Paper I):
Extended discussions on all the above equations are available in Paper I for interested readers.
